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(57) A method for determining and sterilizing a 
load in a sterilization chamber. A small amount of 
sterilant is introduced into the sterilization chamber 
and the concentration of sterilant is measured. The 
load of equipment to be sterilized is determined from 
the concentration of sterilant, and more sterilant is 
added, if necessary, based on the load. The process is 
repeated, if necessary, until the load is sterilized. 
The sterilant is preferably hydrogen peroxide, and the 
concentration of hydrogen peroxide is preferably 
determined by a spectrophotometry method in the 
infrared or ultraviolet regions. By monitoring the 
sterilant concentration and adding more as needed, the 
equipment in the chamber can be sterilized efficiently 
without exposing it to high concentrations of sterilant 
which could damage the equipment or leave too much 
residual on the equipment 
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D scription 

Field of the Invention 

[0001] This invention relates to a sterilization process in which a small amount of sterilant is introduced into 
5 the chamber, the concentration of sterilant in the chamber is measured to determine the load, and more sterilant is 
introduced, if necessary, based on the determined load. 

Background of the Invention 

10 [0002] Medical instruments have traditionally been sterilized using heat, for example steam, or a chemical, such 
as formaldehyde or ethylene oxide in the gas or vapor state. Both heat and chemical sterilization have drawbacks. 
For example, many medical devices, such as fiberoptic devices, endoscopes, power tools, etc. are sensitive to heat, 
moisture, or both. 

[0003] Formaldehyde and ethylene oxide are both toxic gases which pose a potential hazard to health workers. 
After sterilization with ethylene oxide, the articles require long aeration times to remove the gas from articles 
15 which have been sterilized. This makes the sterilization cycle time undesirably long. 

[0004] Sterilization using liquid hydrogen peroxide solutions has been found to require a high concentration of 
sterilant, extended exposure times and/or elevated temperatures. However, sterilization using hydrogen peroxide 
vapor has been shown to have some advantages over other chemical sterilization processes (see, for example, U.S. 
Pat Nos. 4,169,123 and 4,169,124). The combination of hydrogen peroxide vapor and a plasma provides additional 
advantages, as disclosed in U.S. Pat. No. 4,643,876. U.S. Pat. 4,756,882 discloses the use of hydrogen peroxide 
vapor, generated from an aqueous solution of hydrogen peroxide, as a precursor of the reactive species generated by 
a plasma generator. The combination of hydrogen peroxide vapor in close proximity with the article to be sterilized 
and plasma acts to sterilize the articles, even in closed packages. 

[0005] Effective sterilization of articles with hydrogen peroxide vapor, either with or without plasma, requires 
a certain minimum concentration of hydrogen peroxide vapor. If not enough hydrogen peroxide vapor is present, the 
25 article will not be sterilized. 

[0006] If too much hydrogen peroxide is used, the hydrogen peroxide vapor can potentially damage the medical 
devices, particularly if they contain nylon, neoprene, brass or copper. For hydrogen peroxide absorbent materials, 
too much peroxide may leave an unacceptable residue on the medical device that may be incompatible with the user or 
patient In addition, the use of too much hydrogen peroxide increases the cost of sterilization. 

[0007] The determination of the appropriate amount of peroxide is especially important for large sterilizers, 
30 because the load in large sterilizers can vary more than the load in small sterilizers. One cannot assume the worst- 
case scenario for each cycle and introduce the maximum possible amount of sterilant. Therefore, there is a need for 
a method for determining how much hydrogen peroxide is needed to effectively sterilize the medical device without 
damaging it or leaving too much residual. 

[0008] There is a need for determining the load of equipment to be sterilized in the sterilization chamber in 
35 order to obtain the best efficiency and material compatibility. 

Summary of the Invention 

[0009] One aspect of the present invention relates to a method of determining and sterilizing a load in a 
sterilization chamber. The method comprises introducing a known amount of sterilant into the sterilization chamber, 
40 measuring a parameter related to the concentration of sterilant in the sterilization chamber, where the parameter is 
measured during or after introducing the sterilant, determining the load in the sterilization chamber from the 
concentration of sterilant in the sterilization chamber, where the determining is during or after the measuring, 
repeating the method, if necessary, and sterilizing the load 

[0010] Preferably, the known amount of sterilant is less than or equal to 50% of the amount to sterilize a fully 
loaded chamber. Advantageously, the known amount of sterilant is an amount which produces a pressure in the 

45 chamber less than the vapor pressure of the sterilant. Preferably, the sterilant is introduced from a reservoir of 
sterilant or from a cassette. Advantageously, the sterilant is introduced from at least one cell in the cassette. 
[0011] In one embodiment, the parameter is measured over a time period, where the time period is the time during 
the determining. Advantageously, the sterilant comprises a source of hydrogen peroxide. Preferably, the source of 
peroxide is a liquid solution or a solid peroxide complex. 

50 [0012] Advantageously, the concentration of sterilant is measured by a method selected from a spectrophotometric 
method, measuring the pressure in the sterilization chamber, or measuring with a semiconductor sensor. Preferably, 
the parameter related to the concentration of sterilant is measured by a spectrophotometric method in the infrared 
or ultraviolet region. 

[0013] In a preferred embodiment, the method additionally comprises exposing the load to plasma. 
Advantageously, the plasma is generated within the chamber. In an alternative embodiment, the method is performed 
55 within the chamber and the plasma is generated in a second, separate chamb r, and the plasma is flowed into the 
sterilization chamber. 

[0014] In one embodiment, the known amount of sterilant is more than the amount of sterilant required to 
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sterilize said load. Preferably, at least a portion of th sterilant is remov d with vacuum. 

[0015] In another embodiment, the determining and sterilizing further comprise aborting the method. 
Advantageously, aborting the method comprises r moving at least a portion of the sterilant with vacuum. 
Alternatively, aborting the method comprises decomposing at least a portion of the sterilant with plasma. 
5 [0016] Advantageously, th load is determined based on the concentration of sterilant Preferably, the 
determining is based on the maximum of the paramet r related to the concentration of sterilant in the time period. 
Alternatively, the determining is based on the minimum of the parameter in the time period. Advantageously, the 
minimum of the parameter in the time period is measured within four minutes after introducing the known amount of 
sterilant into the chamber. 

[0017] In another embodiment, the determining is based on the rate of change of the parameter in the time period 
10 from the maximum to the minimum. Preferably, the rate of change of the parameter is measured within four minutes 
from the time when the known amount is introduced into the chamber. Advantageously, the determining is based on the 
rate of change of the parameter in the time period from the initial time to the maximum in the parameter. 

Brief Description of the Drawings 

15 [0018] FIGURE Vis a block diagram illustrating the effects of having not enough, an appropriate amount, and too 
much hydrogen peroxide in a sterilization chamber. 

[0019] FIGURE 2 is an illustration of a sterilization chamber with a light load to be sterilized. 
[0020] FIGURE 3 is an illustration of a sterilization chamber with a medium load to be sterilized. 
[0021] FIGURE 4 is an illustration of a sterilization chamber with a heavy load to be sterilized. 
20 [0022] FIGURE 5 is a graph of the concentration of hydrogen peroxide versus time in a sterilization chamber 
charged with 1 gram of 59% hydrogen peroxide with three different loadings of equipment to be sterilized. 
[0023] FIGURE 6 is a graph of the concentration of hydrogen peroxide versus time in a sterilization chamber 
charged with 2 grams of 59% hydrogen peroxide with three different loadings of equipment to be sterilized. 
[0024] FIGURE 7 is a graph of the concentration of hydrogen peroxide versus time in a sterilization chamber 
charged with 3 grams of 59% hydrogen peroxide with three different loadings of equipment to be sterilized. 
[0025] FIGURE 8A is a diagram showing the dependence of sterilization efficiency and material compatibility as a 
function of the amount of hydrogen peroxide and the loading of equipment to be sterilized. 

[0026] FIGURE 8B is a chart of concentration of peroxide versus load showing regions of acceptable and less 
acceptable material compatibility and sterilization efficacy. 

[0027] FIGURE 9 is a flow chart for conducting a sterilization with various embodiments of the invention. 

30 

Detailed Description of the Preferred Embodiment 

[0028] Sterilizing medical devices with hydrogen peroxide vapor requires that the concentration of hydrogen 
peroxide vapor in the sterilization chamber be high enough to achieve effective sterilization. If too much hydrogen 
peroxide vapor is used, however, the hydrogen peroxide can damage the medical device or leave too much peroxide 

35 residual. Furthermore, use of too much hydrogen peroxide adds to the expense of sterilization. 

[0029] Even if the concentration of hydrogen peroxide at the start of the sterilization process appears to be 
high enough to sterilize the equipment in the sterilization chamber, the equipment in the sterilization chamber may 
absorb or decompose enough hydrogen peroxide to make the sterilization process ineffective. It is difficult to 
determine how much hydrogen peroxide should be added to a sterilization process, because the amount of needed 

40 hydrogen peroxide depends on the temperature, exposure time, and the load in the sterilization chamber. The load is 
determined not only by the quantity of medical devices but also by what type of medical devices are present and by 
how much hydrogen peroxide is absorbed or decomposed by the devices. 

[0030] In one embodiment of the method of the present invention, enough hydrogen peroxide to sterilize a 
possible light load of medical devices is injected into the sterilization chamber, and the concentration of hydrogen 
peroxide is monitored as a function of time. If the concentration of hydrogen peroxide as measured by the monitor 
45 falls to the point that the sterilization will not be effective, more hydrogen peroxide is added. 

[0031] The method is particularly important with large sterilization chambers, because the amount of equipment 
that can be placed in a small sterilization chamber is limited. In the smaller sterilization chamber, the "normal" 
amount of peroxide is generally acceptable for both efficacy and material compatibility. 

[0032] A large sterilization chamber can hold multiple loads. If only one tray of devices is placed in the 
50 sterilization chamber, the "normal" amount of hydrogen peroxide might be enough to sterilize the devices in the 
sterilization chamber. 

[0033] If two or more trays are loaded into the sterilization chamber, two or even three times as much hydrogen 
peroxide might be required to sterilize the medical equipment in the chamber. If one adds enough hydrogen peroxide 
to be "safe", depending on the load, too much hydrogen peroxide may be injected into the sterilization chamber, and 
the process may be incompatible with the m dical d vices in the chamber. 
55 [0034] Although th description of the method has been limited to hydrogen peroxide thus far, the method is also 
applicable to other sterilants such as peracetic acid and ethylene oxid . Hydrogen peroxide is preferr d. 
[0035] The source of hydrogen p roxide can be a solution of hydrogen peroxide, condensed vapor, or a solid 
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peroxide complex. 

[0036] Both efficacy and material compatibility are highly dependent on the concentration of peroxide, the 
exposure time, the exposure temperature, and the load in the chamber. In order to study the effect of load on the 
concentration of peroxide, the following examples are presented based on the same parameters xcept the load and 
the amount of peroxide used. By varying the load and fixing all of the other parameters, the effect of the load on 
5 the concentration of peroxide can be easily studied. Also, one, two and three trays which contain the same equipment 
were use d to represent a "light load", "medium load", and "heavy load", respectively. 

[0037] Figure 1 shows the effects of varying amounts of peroxide on sterilization efficiency and material 
compatibility. If not enough peroxide is present in the sterilization chamber, the sterilization efficiency is poor 
[0038] If there is too much hydrogen peroxide in the sterilization chamber, the hydrogen peroxide can be 
10 incompatible with the materials of the medical device. 

[0039] If there is an appropriate amount of hydrogen peroxide in the sterilization chamber, the sterilization 
efficiency is acceptable, and the materials are compatible with the concentration of hydrogen peroxide which is 
present in the chamber Having an appropriate amount of hydrogen peroxide in the sterilization chamber is a 
desirable situation but is difficult to achieve in practice, particularly with large sterilization chambers. 
[0040] Figure 2 shows a sterilization chamber with a light load. A sterilization chamber 10 is attached to a 
vacuum pump 20 through a valve 30. A tray 40 with medical equipment has been placed inside the sterilization 
chamber. Liquid peroxide is placed inside a vaporizer 50 fluidly attached to the sterilization chamber, so that 
peroxide vapor can diffuse into the chamber. A peroxide monitor 60 monitors the concentration of hydrogen peroxide 
in the sterilization chamber as a function of time. 

[0041] Figure 3 is similar to Figure 2, except two trays 40 have been placed inside the sterilization chamber. 

20 Figure 4 similarly shows a sterilization chamber with three trays 40. 

[0042] A typical sterilization process is as follows. The tray with medical equipment is placed in the 
sterilization chamber, and the chamber is evacuated with the vacuum pump. The liquid peroxide, typically aqueous 
hydrogen peroxide with a concentration of approximately 59 wt%, is injected into the heated vaporizer at 
approximately 65° C. The water and peroxide vaporize from the vaporizer and diffuse into the sterilization chamber, 
thereby contacting and sterilizing the medical equipment in the tray. Although the temperature inside the 

25 sterilization chamber can vary, it is generally approximately 45° C. Plasma may optionally be generated with an 
electrode (not shown) to aid the sterilization process. 

[0043] The concentration of the hydrogen peroxide vapor in the chamber is preferably monitored with the peroxide 
monitor. The hydrogen peroxide monitor can utilize any monitoring method that is rapid enough to determine the 
hydrogen peroxide concentration so that the results are available on a real-time basis, or at least with a very 
short time delay. Rapid , determination of the hydrogen peroxide concentrations is important, because the feedback 
mechanism of the sterilization process must decide whether enough hydrogen peroxide has been added to sterilize the 
medical equipment effectively. If not enough hydrogen peroxide has been added to the sterilization chamber, more 
must be added to allow for acceptable sterilization efficiency. Similarly, if too much hydrogen peroxide has been 
added or absorbed, the system may abort the run by evacuating the hydrogen peroxide from the chamber, adding 
plasma to decompose the hydrogen peroxide, or both. One possible alternative for too much peroxide is to open the 
35 valve and remove excess hydrogen peroxide from the chamber. The same methods of aborting the method can be 
used for other sterilants as well. 

[0044] Although chemical analysis could potentially be used to monitor the hydrogen peroxide concentration in 
the sterilization chamber, chemical analysis methods are normally too slow to allow for effective monitoring of the 
hydrogen peroxide concentration to determine whether enough hydrogen peroxide has been added to sterilize the 
medical equipment effectively. Other, more rapid, monitoring methods for determining the concentration of hydrogen 
40 peroxide are therefore preferred over chemical analysis. 

[0045] Spectrophotometric methods of determining the hydrogen peroxide concentration are preferred over the 
chemical methods, because the spectrophotometric methods are rapid and give the hydrogen peroxide concentration in 
real time or nearly so. Although the scope of the method of the invention is not meant to be limited to the 
analytical technology available today, two forms of spectrophotometric analysis which can presently be used for 
hydrogen peroxide include analysis with infrared and ultraviolet light Infrared analysis in the near infrared 
region, in particular, has been described in the literature. Alternatively, the hydrogen peroxide concentrations in 
the examples below were determined spectrophotometrically with ultraviolet radiation. Other spectrophotometric 
methods might also be appropriate for use in various embodiments of the method of the present invention. 
[0046] The concentration of hydrogen peroxide vapor can also be monitored by measuring the pressure in the 
chamber. 

50 [0047] The pressure in the sterilization chamber can be monitored by a variety of methods. One preferred method 
of monitoring the pressure is through a pressure transducer. 

[0048] Semiconductor sensors have also been used to measure the concentration of hydrogen peroxide. The use 
of the present semiconductor sensors is not a preferred embodiment, because the response time of the sensor is 
slower than for the other methods. Other rapid methods for analyzing the concentration of hydrogen peroxide on a 
rapid basis are likely to be developed in the future, and the scope of the method is not m ant to be limited by the 
limitations of the present technology for monitoring the cone ntration of hydrogen peroxide. 

[0049] The method can be applied to other sterilants as well by using analytical methods appropriate to the 
other sterilants. 
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[0050] After the concentration of hydrogen p roxide in the chamber has b en determined with the peroxide 
monitor, it is preferred that the concentration be monitored as a function of time. The concentration of hydrogen 
peroxide vapor in the sterilization chamb r generally decreases with tim due to decomposition of the hydrogen 
peroxide, ads rption or absorption by the surfaces of the sterilization chamber and/or articles in the chamber, 
reactions with mat rials in the chamber, etc. 

5 [0051] As a result, it is generally preferred that the hydrogen peroxide concentration be monitor d as a 
function of time so that the rate of change in concentration of the hydrogen peroxide can be measured. If the rate 
of decrease in the concentration is high, more hydrogen peroxide can be added to the chamber. The Examples below 
include graphs of the concentration of hydrogen peroxide vapor versus time. The effect of equipment load in the 
chamber causing changes in the concentration of hydrogen peroxide with time will become clearer through the results 

1Q presented in the Examples. Once again, many factors may affect the efficacy and the material compatibility. The 
following examples only consider the effect of load. 

[0052] The first example presents data for a sterilization procedure in which 1 g of 59% hydrogen peroxide was 
injected into a sterilization chamber with three different loadings of medical equipment. Graphs of hydrogen 
concentration versus time are presented for the three different loadings. The Example shows how the concentration of 
hydrogen peroxide in the chamber changes both as a function of time and as a function of the equipment loading in 
15 the chamber. 

Example 1 

Effect of the Load on the Concentration of Peroxide With One Gram of 59% Hydrogen Peroxide 

20 [0053] Each CSR wrapped trays was loaded with the following items: 

1 Silicon instrument mat 

1 Codman 24-3076 fiberoptic cable 

40 pieces of miscellaneous medical devices 

1 latex tube with 1/8" id and 1/32" wall 

Each tray with equipment made up one load. 
30 [0054] Three different runs were performed with three different loadings, the first with a single load of one 
tray and equipment, the second with a double load of two trays with equipment, and the third with a triple load of 
three trays with equipment. The trays and equipment were placed in the 173 liter sterilization chamber, the chamber 
was evacuated to 0.4 torr, and 1 g of 59% hydrogen peroxide was placed in the vaporizer to generate hydrogen 
peroxide vapor in the chamber. 

[0055] The concentration of hydrogen peroxide vapor in the chamber was monitored as a function of time with a 
ultraviolet spectrophotometer with a deuterium lamp. The spectrophotometer had previously been calibrated by 
injecting weighed amounts of hydrogen peroxide into the chamber and measuring the absorbance as a function of 
hydrogen peroxide concentration. 

[0056] The concentration of hydrogen peroxide in the chamber was then measured as a function of time with the 
ultraviolet spectrophotometer for the three different loadings, a single load of one tray with medical equipment 
40 (shown in Figure 2), a double load of two trays, each with medical equipment (shown in Figure 3), and a triple load 
of three trays, each with medical equipment (shown in Figure 4). 

[0057] Figure 5 shows charts of the concentration of hydrogen peroxide versus time for the three different 
loadings when 1 g of 59% hydrogen peroxide was injected into the chamber. 

[0058] The top curve of Figure 5 shows the concentration of hydrogen peroxide vapor in the chamber for the 
experiment with a single load of one tray of equipment. The concentration of hydrogen peroxide reached a peak value 

45 of about 1 .7 mg/L and then declined to a value of about 1 . 1 mg/L after about 4 minutes. 

[0059] The middle curve of Figure 5 shows the hydrogen peroxide concentration as a function of time with a 
double load of two trays of equipment and 1 g of 59% hydrogen peroxide. The concentration of hydrogen peroxide 
reached a maximum value of about 1.4 mg/L and subsequently declined to about 0.6 mg/L after about 4 minutes. 
[0060] The bottom curve of Figure 5 shows the hydrogen peroxide concentration in the chamber as a function of 

50 time with a triple load of three trays of equipment and 1 g of 59% hydrogen peroxide. The maximum concentration of 
hydrogen peroxide was 1 mg/L, and the concentration decreased to about 0.5 mg/L after about 4 minutes. 
[0061] Of course, there is no "normal" load of medical equipment. Each load in Example 1 was the same so that 
the effect of the load could be standardized to the number of standard loads. Each time a sterilization is run, 
however, the amount of medical equipment will normally vary, depending on what instruments have been used in the 
operating rooms. Without monitoring the concentration of peroxide in the chamber, one would not know whether 

55 enough, too much, or too little p roxid had b en inject d. 

[0062] In Exampl 2, th xperim nts of Example 1 were repeat d, exc pt that 2 g of 59% hydrogen peroxide were 
injected into the chamber rather than the 1 g of hydrogen peroxide used in Example 1 . 



-5- 



EP 1 016 421 A1 



Example 2 

Effect f the Load n the Cone ntration of Peroxld With Two Grams of 59% Hydrogen P roxide 

5 [0063] Three runs with three different loads were performed as in Example 1, except that 2 g of 59% hydrogen 
peroxide were injected into the chamber rather than the 1 g which was injected in Example 1 . 

[0064] The three runs were performed on the same loads as in Example 1: a single load of one tray of medical 
equipment; a double load of two trays, each with medical equipment; and a triple load of three trays, each with 
medical equipment 

10 [0065] The runs were performed as in Example 1 , with the exception that 2 grams of 59% hydrogen peroxide were 
injected, rather than the 1 gram of Example 1. 

[0066] The concentrations of hydrogen peroxide in the chamber as a function of time for the three different 
loadings are shown in Figure 6. 

[0067] The top curve of Figure 6 shows the concentration of hydrogen peroxide in the chamber as a function of 
time with a single load of one tray medical equipment and 2 g of 59% hydrogen peroxide. The highest concentration of 
15 hydrogen peroxide in the chamber was about 2.9 mg/L, declining to about 1.8 mg/L after 4 minutes. 

[0068] The concentration of hydrogen peroxide as a function of time with a double load of two trays of equipment 
and 2 g of 59% hydrogen peroxide is shown in the middle graph of Figure 6. In this medium load situation, the peak 
concentration of the hydrogen peroxide was about 2.5 mg/L, and the concentration declined to 1.2 mg/L after about 4 
minutes. 

20 [0069] The concentration of hydrogen peroxide in the chamber as a function of time with a heavy load of three 
trays of equipment and 2 g of 59% hydrogen peroxide is shown in the bottom curve of Figure 6. The peak concentration 
of hydrogen peroxide was about 1 .8 mg/L, and the concentration fell to about 0.9 mg/L after 4 minutes. 
[0070] In the following Example, the experiments of Example 1 and 2 were repeated, but 3 grams of 59% hydrogen 
peroxide were injected into the chamber. 

25 Example 3 

Effect of the Load on the Concentration of Peroxide With Three Grams of 59% Hydrogen Peroxide 

[0071] The experiments of Examples 1 and 2 were repeated using 3 grams of 59% hydrogen peroxide. As in 
Examples 1 and 2, experiments were performed with a light load of one tray of instruments, a medium load of two 
trays of instruments, and a heavy load of three trays of instruments. 

[0072] the concentration of hydrogen peroxide vapor in the chamber versus time is shown for the three different 
loadings in Figure 7. The top plot shows the concentration of hydrogen peroxide versus time for the experiment with 
the light load of a single tray of instruments. The highest concentration of hydrogen peroxide which was observed 
was about 3.4 mg/L. The hydrogen peroxide concentration decreased to about 2.4 mg/L after 4 minutes. 
35 [0073] The middle chart of Figure 7 shows the concentration of hydrogen peroxide vapor versus time for the 
medium load of two trays of instruments. The highest concentration of hydrogen peroxide which was observed was 
about 2.6 mg/L, and the concentration decreased to about 1 .6 mg/L after 4 minutes. 

[0074] The bottom curve of Figure 7 shows the concentration of hydrogen peroxide vapor versus time for the 
experiment with a high load of three trays of instruments. The highest concentration of hydrogen peroxide which was 
observed was about 2.2 mg/L, and the concentration decreased to about 1 .3 mg/L after 4 minutes. 
[0075] The results of the effect of the load are summarized in Table 1 below. 
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Table 1 



Concentration of Peroxide in the Chamber During the First F ur Minutes 



5 






Peroxide Concentration (mg/L) 








Maximum 


Minimum 


10 


1 gram 


1 Tray 


1.7 


1.1 




of 59% 
•Peroxide 


2 Trays 


1.4 


0.6 


15 


3 Trays 


1.0 


0.5 




2 grams 


1 Tray 


2.9 


1.8 


20 


of 59% 
Peroxide 


2 Trays 


2.5 


1.2 




3 Trays 


1.8 


0.9 


25 


3 grams 


1 Tray 


3.4 


2.4 




of 59% 
Peroxide 


2 Trays 


2.6 


1.6 


30 


3 Trays 


2.2 


1.3 



[0076] It is easy to conclude from the results that the concentration of hydrogen peroxide in the chamber 
increases as the amount of peroxide increases and decreases with an increase in the load. It is difficult to define 

35 the minimum peroxide required to achieve good efficacy, because the exposure temperature, cycle time, and the device 
to be sterilized also affect the efficacy of the process. For example, it requires more peroxide, higher 
temperatures, or longer exposure to sterilize the interior of a lumen device than to sterilize the exterior of the 
lumen device. Lumens with different dimensions require different sterilization conditions. Devices that absorb 
peroxide need more peroxide to sterilize than the devices that do not absorb peroxide. Also, the efficacy with low 
peroxide concentrations can be compensated with higher temperature or longer exposure times. Therefore, the amount 

40 of peroxide required for good efficacy is dependent on the process parameters and the load to be sterilized. 

[0077] If the minimum concentration of peroxide required to achieve good sterilization efficacy for the above 
examples is 1.0 mg/L after four minutes diffusion or 1.5 mg/L at the peak, then one gram of 59% peroxide is not 
enough to sterilize two or three trays in the chamber. Also, two grams of 59% peroxide is not enough to sterilize 
three trays. More peroxide would improve the efficacy of the sterilization. 

45 [0078] Likewise, if the maximum concentration of peroxide for having acceptable residues and material 
compatibility is less than 15 mg/L after four minutes diffusion or 2.5 mg/L at the peak, then three grams of 59% 
peroxide is too much for one or two trays. Also, two grams of 59% peroxide is too much for one tray in the chamber. 
Less peroxide is better for the medical device. 

[0079] Apparently, there is a need to balance good sterilization efficacy and acceptable material compatibility. 
Different amounts of hydrogen peroxide are optimal for different loads in the sterilization chamber. By monitoring 
50 the concentration of hydrogen peroxide in the chamber for different loads, one can determine whether an optimal 
amount of hydrogen peroxide has been injected into the sterilization chamber. 

[0080] Figure 8A is a block diagram showing the number of trays of instruments in the various experiments, the 
number of grams of 59% hydrogen peroxide added, the efficiency of sterilization, and the material compatibility. The 
most desirable situation is "More acceptable efficacy and material compatibility". If the concentration of hydrogen 
peroxid was not high enough to effectively st rilize the instruments, th section is labeled as "Less acceptable 
55 efficacy". If the concentration of hydrog n peroxide was high enough to potentially damage th medical instruments, 
the block is labeled as "Less acceptable material compatibility". 

[0081] With a light load of one tray, 1 gram of 59% hydrogen peroxide was "More acceptable efficacy and material 
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compatibility". If 2 r 3 grams of 59% hydrogen peroxide were used, ther was potential damage to the medical 
instruments, or too much residual could be left on the devices, and the conditions wer in the region of "Less 
acceptable material compatibility". 

[0082] With a medium load of two trays of medical instruments, 1 gram of 59% hydrogen peroxide was not effective 
at sterilization. The exp riment was in the region of "Less acceptabl efficacy". Two grams of 59% hydrogen peroxide 
5 provided a good balance of sterilization and material compatibility and was in the region of "More acc ptable 
efficacy and material compatibility". Three grams of 59% hydrogen peroxide was too much hydrogen peroxide for the 
medium load of 2 trays of instruments, and the experiment was in the region of "Less acceptable material 
compatibility", where the instruments might be damaged by the hydrogen peroxide, or too much residual could be left 
on the instruments. 

10 [0083] Finally, with a heavy load of three trays of medical instruments, 1 and 2 grams of 59% hydrogen peroxide 
were too small an amount to effectively sterilize the instruments, and both experiments were in the region of "Less 
acceptable efficacy". When 3 grams of 59% hydrogen peroxide were injected with the heavy load, there was a good 
balance between sterilization efficiency and material compatibility. The experiment was in the region of "More 
acceptable efficacy and material compatibility". 

[0084] Thus, each of the load levels required a different amount of hydrogen peroxide to effectively sterilize 
*5 the instruments without having a level of hydrogen peroxide which was so high that the instruments might be damaged 
or have too much residual. There are a great number of factors which determine how much hydrogen peroxide is 
required to be in the region of "More acceptable efficacy and material compatibility". 

[0085] The difficulty of determining the appropriate amount of hydrogen peroxide which is required to sterilize 
a given load is especially important for larger sterilization chambers, because the equipment load can vary much 
more than for a. small sterilizer, because much more equipment can be placed in a large sterilizer than a small 
sterilizer. With the larger volume of equipment in the large sterilizer, there is much more potential in under- or 
overestimating the amount of sterilant which is required to sterilize the equipment. If enough hydrogen peroxide is 
introduced into the sterilization chamber to treat the worst case, then the amount of sterilant which is introduced 
could be too much for the light load which might be present. The excess sterilant might damage the medical equipment 
or leave too much residual on the medical devices. Also, if the load is greater than the worst case load, a long 
25 abort cycle would be required. Once again, many factors may affect the efficacy and the material compatibility. The 
following examples only consider the effect of load. 

[0086] Figure 8B provides another view of the effect of load and peroxide concentration on the efficacy and 
material compatibility. In general, the amount of peroxide used for sterilization should depend on the load in the 
chamber. A feedback mechanism is needed in order to introduce the appropriate amount of sterilant into the chamber 
and to obtain the best efficacy and material compatibility. 
30 [0087] Figure 9 shows a flow chart illustrating the method for determining the amount of hydrogen peroxide to 
add to a sterilizer. The following steps are performed to determine the amount of hydrogen peroxide for the load in 
the sterilization chamber. 



20 



35 



1. An initial amount of sterilant is delivered into the sterilization chamber, and the concentration of hydrogen 
peroxide is monitored. If too much sterilant has been added, the sterilization is aborted. Another option for too 
much sterilant is to open the valve and remove excess peroxide from the chamber. 

2. If the initial amount of sterilant is enough to sterilize the load but not so much as to damage the equipment, 
the sterilization cycle is continued. 

40 3. If the initial amount of sterilant is not enough to sterilize the load, more sterilant is added. If the peroxide 

signal is lower than an acceptable level due to absorbent materials, the cycle can be aborted. Preferably a 
microprocessor is used to estimate how much more sterilant is required to sterilize the load, based on the 
concentration of hydrogen peroxide vapor in the sterilization chamber, the rate of decline in the concentration, 
and the amount of hydrogen peroxide added initially. If necessary, the sterilant can be added in increments and 
the concentration of sterilant monitored as the incremental amounts of hydrogen peroxide. 

45 

[0088] As more data are obtained on the response of the sterilization system to added sterilant, the algorithms 
in the microprocessor can be updated and refined so that the number of cycles of adding additional sterilant can be 
minimized. 

[0089] The response of each sterilization load to additional sterilant varies, because the amount of equipment 
changes almost every time a sterilization is done, and each load will probably have contain different materials. By 
building a database of the decline in concentration of the hydrogen peroxide with time for different load levels and 
load compositions, a database can be built to improve the algorithm for use in a microprocessor to minimize the 
number of times that incremental amounts of hydrogen peroxide must be added. 

55 Source of Sterilant 

[0090] The sterilant can b added as a small amount from a reservoir. If the sourc of st rilant is a reservoir, 
the addition can be metered fairly precisely, because the addition does not need to be of a certain size. 



50 
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[0091] Alternatively, the addition of the st rilant may be from one or more ceils from a cass tte. If a cassett 
is used, the amount of the sterilant addition is det rmined by the size of the cells of the cassette. Normally it is 
not possible to add, for example, only half of a cell. 

Amount of Initial Sterilant 

5 

[0092] There ar many methods which can be used to determine the initial amount of sterilant. First, just enough 
sterilant can be introduced to produce a detectable signal. The size of the initial signal and the decline in the 
signal can then be monitored to determine how much, if any, additional sterilant should be added. 
[0093] The second method is to initially introduce just enough sterilant to sterilize a reasonable light load. 

10 The change in concentration of sterilant versus time can be monitored with the peroxide monitor. By monitoring the 
shape of the decline curve, a determination can be made of how much, if any, additional peroxide is needed for 
optimal sterilization. The determining can be made at the maximum of the curve, at the minimum after four minutes, 
by the rate of change from the maximum to the minimum, or by the rate of change from the initial to the maximum. If 
more hydrogen peroxide is needed, the additional amount of hydrogen peroxide can be introduced into the 
sterilization chamber. Preferably, the concentration of hydrogen peroxide is monitored after the additional hydrogen 

15 peroxide is introduced in the event that further adjustments need to be made. 

[0094] In the third method, an amount less than or equal to 50% of the amount needed to sterilize a full load is 
vaporized. 

[0095] In the fourth method, an amount of sterilant which produces a pressure in the chamber less than the vapor 
pressure of the sterilant is vaporized. 

20 

Determining the Load 

[0096] The load can be determined in a variety of ways. 

1. The load can be determined based on the maximum in a parameter related to the concentration of sterilant in 
25 the chamber. 

2. The load can be determined based on the minimum in the parameter. In the experiments in the examples, the 
minimum was measured four minutes after the sterilant was introduced into the chamber. Four minutes is an 
arbitrary time, and other time periods could be used instead. 

30 3. The load can be determined based on the rate of change in the parameter from the maximum to the minimum. 

[0097] Other methods of determining the load can be used without departing from various embodiments of the 
invention. 

35 A d ditional Ste rilant 

[0098] If additional sterilant is needed, it can be introduced all at once from a reservoir. Alternatively, it 
can be introduced cell by cell from a cassette. 

[0099] Although the discussion focussed on the use of peroxide as a sterilant, the method is also applicable to 
40 other sterilants such as ethylene oxide and peracetic acid. 

Advantages of the Method 

[0100] The various embodiments of the method of the invention have several advantages over other methods of 
sterilization. 

45 

1. Only the needed amount of sterilant is introduced into the sterilizer. The chances of damaging the medical 
devices with excess sterilant or leaving a residual on the equipment are therefore minimized. 

2. The user can start the cycle regardless of the load without wasting sterilant. With conventional methods, the 
user normally waits until a full load is in the sterilizer, because the same amount of sterilant will be used, 

50 regardless of the load in the chamber. 

3. The residual sterilant on the devices is minimized, because the amount of excess sterilant is minimized. 

4. More cycles can be conducted with a given cassette or reservoir, because the amount of sterilant used in each 
55 cycle is minimized. 

5. The abort cycle can be detected with a minimal amount of sterilant The system can determine with a high 
d gree of certainty wh ther the cycle will have to b aborted after the initial amount of sterilant is plac d in 
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[0101] While embodiments and applications of this invention have been shown and described, it should be 
apparent to those skilled in the art that many more modifications are possible without departing from the scope of 
5 the invention. The invention is therefore not to be restricted, except in the spirit of the appended claims. 

Claims 

1. A method of determining and sterilizing a load in a sterilization chamber comprising: 

10 (a) introducing a known amount of sterilant into said sterilization chamber, wherein said sterilant has a 

vapor pressure; 

(b) measuring a parameter related to a concentration of sterilant in said sterilization chamber, wherein 
said measuring is during or after said introducing; 

15 (c) determining the load in said sterilization chamber from said concentration of sterilant in said 

sterilization chamber, wherein said determining is during or after said measuring; 

(d) repeating steps (a) to (c), if necessary; and 

20 (e) sterilizing said load. 

2. The method of Claim 1 , wherein said known amount is less than or equal to 50% of an amount to sterilize a fully 
loaded chamber. 

25 3. The method of Claim 1, wherein said known amount of sterilant is an amount of sterilant which produces a 
pressure in said chamber less than the vapor pressure of said sterilant. 

4. The method of Claim 1, wherein said known amount of sterilant is introduced from a reservoir of sterilant. 

5. The method of Claim 1 , wherein said known amount of sterilant is introduced from a cassette. 

30 

6. The method of Claim 5, wherein said known amount of sterilant is introduced from at least one cell in the cassette. 

7. The method of Claim 1, wherein said parameter is measured over a time period, wherein said time period is the 
time during said determining. 

35 8. The method of Claim 1 , wherein said sterilant comprises a source of hydrogen peroxide. 

9. The method of Claim 8, wherein said source of hydrogen peroxide comprises a liquid solution or a solid peroxide 
complex. 

^ 10. The method of Claim 1, wherein said concentration of sterilant is measured by a method selected from the group 
consisting of spectro photometric methods, measuring a pressure in the sterilization chamber, and measuring with a 
semiconductor sensor. 

11. The method of Claim 1, wherein the parameter related to the concentration of sterilant is measured by a 
spectrophotometric method in the infrared or ultraviolet region. 

45 

12. The method of Claim 1, additionally comprising exposing said load to plasma. 

13. The method of Claim 12, wherein said method is performed within a sealed chamber and said plasma is 
generated within said chamber. 

50 14. The method of Claim 12, wherein said method is performed within a first chamber and said plasma is generated in 
a second, separate chamber and said method further comprises the step of flowing said plasma into said first 
chamber. 

15. The method of Claim 1, wherein said known amount of sterilant is more than an amount of sterilant required to 
sterilize said load. 

55 

16. The method of Claim 15, further comprising removing at least a portion of the sterilant with vacuum. 

17. The method of Claim 1 , further comprising aborting the method. 
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18. The method of Claim 17, wh rein aborting the method comprises removing at least a portion of the sterilant with 
vacuum. 

19. The method of Claim 17, wherein aborting the method comprises decomposing at least a portion of the sterilant 
with plasma 

20. The method of Claim 1 , wherein said determining the load is based on the concentration of sterilant 

21. The method of Claim 7, wherein said determining is based on a maximum of said parameter in said time period. 

22. The method of Claim 7, wherein said determining is based on a minimum of said parameter in said time period. 

23. The method of Claim 22, wherein the minimum of said parameter in said time period is measured within four 
minutes after introducing said known amount of sterilant into said chamber. 

24. The method of Claim 7, wherein said determining is based on a rate of change of said parameter in said time 
period from a maximum to a minimum of said parameter. 

25. The method of Claim 24, wherein said determining is based on a rate of change of said parameter in said time 
period from a maximum to a minimum in said parameter measured within four minutes after introducing said known 
amount of sterilant into said chamber. 

26. The method of Claim 7, wherein said determining is based on a rate of change of said parameter in said time 
period from an initial time to a maximum in said parameter. 
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